Abstract. In this paper, we present an efficient algorithm for 3D object recognition in presence of clutter and occlusions in noisy, sparse and unsegmented range data. The method uses a robust geometric descriptor, a hashing technique and an efficient RANSAC-like sampling strategy. We assume that each object is represented by a model consisting of a set of points with corresponding surface normals. Our method recognizes multiple model instances and estimates their position and orientation in the scene. The algorithm scales well with the number of models and its main procedure runs in linear time in the number of scene points. Moreover, the approach is conceptually simple and easy to implement. Tests on a variety of real data sets show that the proposed method performs well on noisy and cluttered scenes in which only small parts of the objects are visible.
Introduction
Object recognition is one of the most fundamental problems of computer vision. In recent years, advances in 3D geometry acquisition technology have led to a growing interest in object recognition techniques which work with threedimensional data. Referring to [1] , the 3D object recognition problem can be stated as follows. Given a set M = {M 1 , . . . , M q } of models and a scene S are there transformed subsets of some models which match a subset of the scene? The output of an object recognition algorithm is a set {(M k1 , T 1 ), . . . , (M kr , T r )} where M kj ∈ M is a recognized model instance and T j is a transform which aligns M kj to the scene S. In this paper, we discuss a special instance of this problem which is given by the following assumptions.
(i) Each model M i is a finite set of oriented points, i.e.,
3 is a range image. (iv) The transform T j which aligns M kj to S is a rigid transform.
Even under these assumptions the problem remains hard because of several reasons: it is a priori not known which objects are in the scene and how they are oriented; the scene points are typically corrupted by noise and outliers; the objects are only partially visible due to scene clutter, occlusions and scan device limitations.
Contributions and Overview.
In this paper, we introduce an efficient algorithm for 3D object recognition in noisy, sparse and unsegmented range data. We make the following contributions: (i) We use a hash table for rapid retrieval of pairs of oriented model points which are similar to a sampled pair of oriented scene points. (ii) A new efficient RANSAC-like sampling strategy for fast generation of object hypotheses is introduced. (iii) We provide a complexity analysis of our sampling strategy and derive the number of iterations needed to recognize model instances with a predefined success probability. (iv) A new measure for the quality of an object hypothesis is presented. (v) We use a non-maximum suppression to remove false positives and to achieve a consistent scene explanation by the given models.
The rest of the paper is organized as follows. After reviewing previous work in Section 2, we describe our algorithm in Section 3. Section 4 presents experimental results. Conclusions are drawn in the final Section 5 of the paper.
Related Work
Object recognition should not be confused with object classification/shape retrieval. The latter methods only measure the similarity between a given input shape and shapes stored in a model library. They do not estimate a transform which maps the input to the recognized model. Moreover, the input shape is assumed to be a subset of some of the library shapes. In our case, however, the input contains points originating from multiple objects and scene clutter.
There are two major classes of 3D object recognition methods. One class consists of the so-called voting methods. Well-known representatives are the generalized Hough transform [2] and geometric hashing [1] . The generalized Hough transform has a favorable space and time complexity of O(nk 3 ), where n is the number of scene points and k is the number of bins for each dimension of the discretized rotation space. Unfortunately, the method scales bad with the number
